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ABSTRACT 
The settling characteristics of urban stormwater runoff eman-
ating from the Lake Eola Watershed (Orlando, Florida) were evaluated 
through a series of 7 column studies. The percentage removal that 
occurred due to sedimentation was observed for various stormwater 
pollutants and constituents. These included the General Water 
Quality Parameters: Total Suspended Solids, Non-volatile Suspended 
Solids, Volatile Suspended Solids, Chemical Oxygen Demand, Total 
Kjeldahl Nitrogen, Ammonia Nitrogen, Total Organic Carbon, and Total 
Phosphorus. The metals parameters: Zinc, Cadmium, Arsenic, Nickel, 
Copper, Magnesium, Iron, Lead, Chromium and Calcium were also con-
sidered. The results of the settling analysis indicates that the 
quality of Lake Eola stormwater can be improved by plain sedimenta-
tion or detention as convincing removals were displayed by the 
solids parameters and total phosphorus. Significant lead removal 
was achieved throughout the column studies; however, the balance of 
the metals parameters displayed tren~s of weak removal. Regression 
equations were developed that describe percent removal as a linear 
and logarithmic function of time and settling velocity. Isoconcen-
tration 1 ines were also developed for total suspended sol ids and 
total phosphorus removals. In addition, the effect of this treat-
ment on the productivity of Lake Eola was assessed in terms of 
exi'sting trophic state models. 
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CHAPTER I 
INTRODUCTION 
Eutrophication refers to the natural or artificial addition 
of nutrients to bodies of water and to the resulting effects of 
nutrient enrichment. It is a natural aging process that can be 
greatly accelerated by man and his activities. Urban stormwater 
runoff is partially to blame for cultural eutrophication in many 
I 
cases. Stonnwater runoff and other non-point sources of poll uti on 
have attained somewhat of a notoriety in recent years; and they 
have become the focal point for extensive research and legisla-
ti on. 
The degradation of surface waters throughout the U.S. by dis-
charges of both point and non-point origin prompted Congress to 
enact Public Law 92-500, the Federal Water Pollution Control Act 
Amendments of ·1972. Section 208 of PL 92-500 provides for the 
promulgation of comprehensive, areawide plans for water pollution 
control and management. 
The Orlando Metropolitan Areawide 208 Water Quality Manage-
ment Plan recognized that future. con tro 1 over non-point sources 
will only serve to maintain the existing non-point pollutant load-
ings to the area's surface waters. Therefore, the plan calls 
for a systematic reduction in current stormwater pollutant loadings 
2 
to that which approaches natural background levels by the year 
2000. To attain this goal a need was expressed for Lake Restora-
tion Programs to deal with the nutrients currently within lakes. 
One such restoration program is presently being implemented on 
Lake Eola located in downtown Orlando, Florida (see Figure I-1). 
The Lake Eola project has been jointly sponsored by the 
United States Environmental Protection Agency, the Florida Depart-
ment of Environmental Regulation, the City of Orlando and the 
University of Central Florida. 
Restoration activities are not new to Lake Eola. The lake 
was considered eutrophic in 1972 due to silt deposits, aesthetic 
conditions of the bottom and frequent algae blooms (Wanielista, 
1973). At that point, the lake level was drawn down; sediments 
were removed and replaced by sand; bottom contours were improved 
and the lake was refilled with clean well water. Littoral zone 
vegetation were introduced and the lake was stocked with fish. 
The restoration achieved some limited success, d~spite the fact 
that the source of pollution, namely stormwater runoff, was not 
removed or the effects thereof mitigated. Hence, eutrophication 
took its course and once again the restoration of Lake Eola is 
in the forefront. 
Purpose 
A comprehensive Lake Restoration Plan must include some pro-
vision for the evaluation of poll uti on abatement measures. 
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Nutrient 1 aden urban storrnwater runoff has exerted a marked in-
fluence on the productivity of Lake Eola. Therefore, to maintain 
the integrity of the lake after restoration, it has been proposed 
that stormwater receive treatment by some mechanism to remove 
deleterious constituents before discharge~ The ideal treatment 
methodology will be one that will accrue the most benefit to 
water quality in the most cost effective manner~ 
Stormwater runoff from the Lake Eol a watershed was cons·i de red 
amenable to treatment by certain technologies or best management 
practices. This thesis represents research that was conducted 
to evaluate plain sedimentation or detention of stormwater prior 
to lake discharge. This was acco~plished strictly from the stand-
point of removal efficiency; costs we,re not considered. The data 
gathered by this study will ultimately lead to the rejection o~ 
selection of sedimentation (detention) as a viable treatment alter-
native for Lake Eola runoff. The removal behavior exhibited by 
settled runoff from the Lake Eola watershed will be typical of 
most urban runoff suspensions. Thus, the results of this investi-
gation may assist future stormwater treatment evaluations for 
other urban lakes. 
CHAPTER I I 
LITERATURE REVIEW 
Gravity separation or sedi rrenta ti on refers to the remova 1 of 
suspended solids whose specific gravity difference from that of 
water causes them to settle during passage through a tank or basin 
under quiescent conditions (U.S. EPA, 1975). Sedimentation has re-
ceived widespread application in wastewater and potable water 
treatment processes. However, the current emphasis on non-point 
source pollution abatement suggests that this unit process may 
acquire further application in the treatment of stormwater runoff. 
Although the performance of stormwater settling facilities is 
di ffi cult to predict due to the site speci fie nature of storm-
water, the design of these facilities must certainly address the 
theoretical aspe~ts of the process. 
Sedimentation Theory 
Settling is described according to the suspension concentra-
tion and the stability of the suspended particles (Weber, 1972). 
Four regimes of settling have been i·denti fied and predicated on 
this criteria. The rerrova 1 of discrete pa rti cl es out of a di 1 ute 
suspension is known as Class-! clarification (Weber, 1972). Class-
! settling involves stable particles that do not flocculate; 
5 
6 
however, particles that do tend to flocculate during settling 
undergo what has been termed Class-II clarification (Weber, 1972). 
Interparticle forces may be of such a nature that the posi-
tion of each suspended particle will remain constant relative to 
the others. Consequently, the suspension settles out as a mass, 
rather than as discrete particles. This type· of clarification 
has been termed zone settling. When particles begin to make con-
tact, and the weight of the settled matter is partially supported 
by the structure of the compacting mass, compression settling has 
occurred (Rich, 1961). Class-I and Class-II settling were of 
primary interest during this investigation. 
The settling behavior of a discrete particle placed in a 
quiescent fluid is merely a function of fluid properties and 
particle characteristics (Weber, 1972). The particle will accel-
erate to a terminal velocity at which point equilibrium is reached 
between fluid drag forces and the particle driving force. 
The driving force is the .resultant derived from the down-
ward force exerted by particle weight, and the buoyant force 
directed upward by the fluid. This relationship is described by 
equation 1. 
F = ( Ps - Pl )Vpg (1) 
where: F = Driving Force 
p = Particle Density 
s 
pl = Fluid Density 
vP = Particle Vo 1 ume 
g = Acceleration due to Gravity 
7 
The frictional or drag force is a function of particle rough-
ness, size, shape, velocity, fluid density and fluid viscosity. 
The fluid drag force is dimensionally expressed as: 
2 
- CdApplVt 
Fd - 2 
where: Fd = Drag Force 
cd = Newton's Drag Coeffi ci en t 
Ap = Projected area of the particle 
in the direction of motion 
Vt = Terminal Subsidence Velocity 
Equating the driving force and the drag force yields the 
following expression: 
(2) 
(3) 
A relationship which describes the settling velocity of a dis-
crete particle can be found by rearranging terms in the equation 
above. 
(4) 
If spherical particles of diameter, dp, are considered under lami-
nar flow conditions, Stoke's Law of Settling will result. Sub-
stituting equations 5 and 6 into equation 4 yields the following 
expression for terminal velocity (equation 7). 
(5) 
where: 
where: 
8 
vP = Pa rti cl e Volume 
Ap = Particle Area 
d = Particle Diameter 
24 2411 c d = - = --:-----:-:--
Nr dpplV t 
Nr = Reyno 1 ds Number = dpp 1 V /11 
11 =Fluid Viscosity 
Equation 7 is known as Stoke•s Law. 
(6) 
(7) 
According to Rich {1961), at Reynolds numbers less than 0.1, 
in the region often ca 11 ed the Stoke 1 s Law range, the fluid wi 11 
flow smoothly over th.e surface of the sphere, leaving no wake. 
Therefore, particles that can be described by Stoke's Law have 
minimal f1 ui d drag forces associ a ted with them. 
Class-! clarification is independent of settling basin depth 
and is dependent only on the surface area of the basin and on 
particle settling velocity (Rich, 1961). The following expres-
sian for the rate of clarification illustrates this relationship: 
(8) 
where: Q = Volumetric Rate of Clarification, 
(ft3/sec) · 
t = Time, seconds 
9 
A = Cross-sectioned area of volume in a 
plane perpendicular to the direction 
of subside nee~ ( ftZ) 
z = Distance through which particles 
settle in time (t) 
Sedimentation basins are designed to provide some rate of 
clarification; q2, commonly referred to as the overf.low rate. 
A terminal settling velocity, V t
2
, will be associated with this 
overflow rate. When liquid is withdrawn at a rate equivalent to 
q2, particles with settling velocities equal to or higher than 
Vt2 will be completely removed. Particles with some lower set-
tling velocity, V t , wi 11 be removed in proportion to the ratio 
1 
Settling Column Studies 
Theoretica l laws do not adequately pr~dict settling charac-
teristics for Class-II clarification. The constituents in sus-
pension, whether it is domestic wastewater~ industria 1 wastewater, 
or stormwater runoff, ,are very diversified. Hence, particle set-
tling rates are equally as diverse. 
Particle interaction during subsidence is a common occurrence. 
The settling motion of one particle may be interrupted due to the 
settling behavior of another. Settling interference of this type 
i s known as h i n de red set t 1 i n g a n d i s char a c te ri s t i c of C 1 ass -I I 
c 1 a ri fi cation . 
10 
Particle agglomeration may also occur as settling progresses. 
Typically, particles with higher settling rates overtake and co-
alesce with slower particles resulting in an increase in particle 
mass. Accompanying this mass increase is a corresponding increase 
in particle settling velocity. This phenomenon is referred to as 
flocculent settling. 
Particles may also lose mass during subsidence as fluid shear 
forces break up flocculated particles. Thus, it is apparent that 
the characteristics of Class-II suspensions inhibits accurate 
mathematical modeling. In order to fully evaluate the settling 
behavior of a suspension, settling column tests are required. 
Settling column analyses generally involve the placement of 
a completely mixed sample into a 6 foot to 8 foot long. column. 
Column diameters can vary; however, 4 inch to 6 inch diameters 
are necessary if wall effects are to be neglected (Zanoni and 
Biomquist, 1975). As many as 7 sampling ports may be arranged 
at various depths along the column. Zanoni and Biomquist (1975) 
determined that 3 sampling ports were sufficient to describe re-
moval behavior. The suspension is permitted to settle quiescently 
for a selected period of time. At pre-determined intervals during 
the study period, samples are simultaneously removed at each of 
the ports. 
Column studies are not exclusively used to describe the re-
moval behavior of suspended solids. They may be used to describe 
the removal characteristics of any constituent in suspension, 
11 
such as total phosphorus, total kjeldahl nitrogen or chemical 
oxygen demand. 
If the initial particle or constituent concentration and the 
concentration associated with the sampling time is known, the 
fraction removed at each sampling port depth can be determined. 
Percentage removals are then plotted for each depth ~s a function 
of time. Subsequently, lines of equal percentage or isoconcentra-
tion lines can be drawn on these plots as shown in Figure 11~1. 
Weber ( 1972) describes these lines as the maxi mum settling path 
for the indicated removal, and the depth-time ratio as the minimum 
average settling velocity. The curvilinear lines in Figure II-1 
indicate that flocculent settling is occurring and that settling 
veloci ty is changing with time (Zanoni and Biomquist, 1975). 
Figure II-1 indicates that Rd0 of the particles have average 
settling velocities greater than V0 and will consequently be re-
moved completely. Particles situated between Rc0 and Rd0 and 
between Rd 0 and Re 0 have average settling vel oci ties of ha/t2 
and hb/t2, respectively. The total overall removal is given by 
equation 9 below. 
(9) 
S tornwa ter Qua 1 i ty and Sedi mentation App 1 i cations 
The impact of urbanization and the associated stormwater run-
off on lakes is vividly illustrated by the following case study 
12 
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F1 ~g. II-1. Typical plot of percent removal vers,us 
time with isoconcentration lines. 
SOURCE: W~eber,. Walter J. Physicochemical Processes 
for Water Quality Control. New York: John Wiley & Sons, 
Inc., 1972. 
13 
pertaining to Lake Boone (Malcolm and Smallwood, 1977}. Lake · 
. Boone was 1 oca ted in Raleigh, North Ca ro 1 ina where it was impounded 
in 1930. It had a drainage area of 1.8 square miles; but, as the 
years advanced, the once rural setting slowly became urbanized. 
The lake[s 1930 volume of 45 acre-feet diminished gradually over 
the years until 1955 when the lake's volume was al most entirely 
occupied by sediment. Lake Boone had a life of 25 years during 
a condition of gradua 1 deve 1 opmen t. Ma 1 co 1m and Smallwood ( 1977) 
estimated that its l ife waul d have extended to 71 years if the 
drainage area had retained its rural character. 
The plight of Lake Boone clearly indicates the need for sedi-
mentation con tro 1 in urban watersheds. Corrective measu·res may 
include the maintenance of cover vegetation, the use of overland 
flow for s tormwa ter conveyance, the ins ta 11 a ti on of catch basins 
and the use of detention basins. The selection of the proper man-
agement technique requires knowledge of the sources and the char-
acteristics of stormwater pollutants. 
Sartor and Boyd (1972) identified several sources of street 
surface contaminants. Among _these were: the pavement itself, 
motor vehicles, atmospheric fal l out, vegetation, runoff from ad-
jacent land areas, litter, spills, and anti-skid compounds. The 
particle size distribution of street surface contaminants is an 
important charac teri s tic. The size of po 11 uti ng so 1 ids determines, 
to a great extent, the efficacy of certain stormwater management 
practices, such as sedimentation or detention. Table II-1 lists 
14 
TABLE I I-1 
PARTiCLE SIZE DISTRIBUTION OF SOLIDS 
SELECTED CITY COMPOSITES 
Size Mi 1 waukee Bucyrus Ba 1 timore Ranges 
> 4,800 11 12.0% ----- 17.4% 
2,000-4,800 l.l 12.1% 10.1% 4.6% 
840-2,000 11 40.8% 7.3% 6.0% 
246-840 11 20.4% 20.9% 22.3% 
1 
104-246 l.l 5.5% 15.5% 20.3% 
43-104 11 1.3% 20.3% 11.5% 
30-43 11 4.2% 13.3% 10.1% 
-
14-30 11 2.0% 7.9% 4.4% 
4-14 11 1.2% 4.7% 2.6% 
< 4 11 0.5% ----- 0.9% 
. . 
Atlanta Tulsa 
----- -----
14.8% 37.1% 
6.6% 9.4% 
30.9% 16.7% 
29.5% 17.1% 
10.1% 12.0% 
5.1% 3.7% 
1.8% 3.0% 
0.9% 0.9% 
0.3% 0.1% 
SOURCE: Sartor, James D., and Ga i 1 B. Boyd. Water Po 11 uti on 
Aspects of Street Surface Contaminants. Washington, D.C.: U.S. 
Environmental Protection Agency, ·u.s. Government Printing Office, 
1972. 
15 
the particle size distribution of polluting solids for selected 
cities in the United States. If the values presented in Table 
II-1 are averaged, it is evident that approximately 57.9 percent 
of the particles have sizes which exceed 246 microns (w). Nearly 
28.6 percent of the particles belong to the range of 43w to 246w. 
The remaining 13.5 percent of the particles have sizes below 43~. 
The fraction of pollutants associated with various particle ranges 
are presented in Table II-2. A similar listing for heavy metals 
can be found in Table II-3. 
Dalrymple et al. (1975), indicated that if storrm~ater runoff 
contains fine and coarse sand, 40 microns and greater in size, 
separation by sedimentation should be easily accomplished. Re-
ferring to Table II-2, 1t is apparent that 56.2 percent of the 
phosphates by weight in dry street contaminants, were associated 
with particle sizes of 43~ or less. Furthermore, 18.7 and 31.9 
percent by weight of kjeldahl nitrogen and nitrate nitrogen, 
respectively, were composed of particles with sizes of 43~ or 
less. Therefore, the foregoing percentages repres€nt the fraction 
of each constituent that potentially will not be removed by set-
tling or detention. 
From Table II-2, only 5.9 percent of the total solids by 
weight were included in the 43~ or less range. However, 56.2 per-
cent of the phosphates by weight were represented by this small 
fraction of solids. 
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TABLE II-2 
FRACTION OF POLLUTANT ASSOCIATED 
WITH EACH PARTICLE·SIZE RANGE (% by Weight) 
Pa rti c 1 e Size ( 11) . 
>2,000 840-+2 '000 246--+840 104-+2~6 
Total So 1 ids 24.4 7.6 24.6 27.8 
Volatile Solids 11.0 17.4 12.0 16 .1 
BOD5 7.4 20 .. 1 15.7 15.2 
coo 2.4 4.5 13.0 12.4 
Kje1 dahl Nitrogen 9.9 11.6 20.0 20.2 
Nitrates 8.6 6.5 7.9 16.7 
Phosphates 0.0 0. 9 6 . 9 6.4 
Total Heavy Metals 16.3 17.5 14.9 23.5 
Total Pesticides 0.0 16.0 26.5 25.8 
43+104 < 43 
9.7 5.9 
17.9 25.6 
17.3 24.3 
45.0 22.7 
19.6 18.7 
28.4 31.9 
29.6 56.2 
'-r-1 
27.8 
31.7 
I 
SOURCE: Sartor, James D., and Gail B. Boyd. Water Pollution 
Aspects of Street Surface Contaminants. Washington, D.C.: U.S. 
En vi ronmenta 1 Protection Agency, U.S. Government Printing Office, 
1972. 
Chromi urn 
Copper 
Zinc 
Nickel 
Mercury 
Lead 
Average 
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TABLE II-3 
FRACTION OF HEAVY METALS ASSOCIATED 
WITH EACH PARTICLE SIZE RANGE 
(% by We i gh t) 
Particle Size {ll) 
>2,000 840-+2 ,000 246-+840 104-+246 
26. 1 13.6 16.3 16.3 
22.5 20.0 16.5 19.0 
4.9 25.9 16.0 26.6 
26.2 14.2 15.3 17.2 
16.4 28.8 16.4 19.2 
1.7 2.6 8.7 42.5 
16.3 17.5 14.9 23.5 
<104 
27.7 
22.0 
26.6 
27.1-
19.2 
44.5 
27.8 
SOURCE: Sartor, James D., and Gail B. Boyd. Water Pollution 
Aspects of Street Surface Contaminants~ Washingten, D.C.: U.S. 
En vi ronmentaT Protection Agency-, U.S. Government Printing Office, 
1972. 
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Cowen and Lee (1976) investigated the availability of phos-
phorus in particulates transported by urban runoff in Madison, 
Wisconsin. Runoff was filtered through 0.45~ pore size membrane 
filters. The residue was then resuspended in phosphorus free al-
gal assay procedure medium wherein a suspension of Selenastrum 
capricornutum was added. Thirteen algal bioassays were per-
formed on stormwater runoff. The overal l average was 30 percent 
of particulate phosphorus available to Selenastrum in 19 to 22 
days (Cowen and Lee, 1976). 
The findings of Cowen and Lee (1976), combined with those of 
Sartor and Boyd ( 1972) , suggest that a s torrrwater detention or 
sedimentation facility effectively could remove 43.8 percent of 
particulate phosphates by weight. Moreover, of this 43.8 percent, 
only 30 percent is actually available to receiving water biota. 
Hence, the available phosphorus removed by sedimentation or de-
tention will account for only 13.1 percent of the total particu-
late phosphorus. 
The efficiency of stormwater detention basins as a function 
of particle size and basin depth was investigated by Curtis and 
McCuen ( 1977) . Their i nves ti gati on of part i c 1 e size effects. 
involved the use of two weight fraction distributions of particles. 
Distribution A had 70 percent of its particles in the 750 to 94 
micron range; whereas, 75 percent of distribution A's particles 
were within the range of 1500 to 137 microns. Particle density 
19 
remained constant for each particle size. Curtis and McCuen (1977) 
found that trap efficiency, the ratio of sediment retained in the 
basin to the weight of the sediment reaching the basin, was higher 
for distribution B. These results produced the conclusion that 
the effectiveness of a particular detention basin is dependent on 
particle size and weight distribution. Furthermore, their investi-
gation of basin depth effects indicated a significant relationship 
bet~Jeen trap efficiency and depth. Overa 11 trap efficiency im-
proved from 54 percent to 75 percent as basin depth dropped from 
15 feet to 7 feet. The sha 11 ower depth required a 1 arger surface 
area which extended the horizontal flow distance and shortened 
the vertical flow distance. Consequently, more particles were 
settled out. 
Suspended solids removal efficiencies for sedimentation/deten-
tion facilities also depend on the storage volume and the surface 
loading rate (Wanielista, 1978). Reasonable estimates of sus-
pended solids removal efficiencies are 60 .to 75 percent a·t 1000 
gal/ft2-day, 20 to 30 percent at 2000 gal/ft2-day and 10 to 20 
percent at 3000 gal/ft2-day (Wanielista, 1978). 
Detention tanks have also been propose.d for management pur-
poses. Details were not given for their design; however, tanks 
with capacities ranging from 2500 gallons per acre to 25,000 gal-
lons per acre have been reported to produce 37 percent to 67 per-
cent suspended sol ids removal (t~i 11 ison, 1977). Removals of BOD 
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were reported to range from 18 to 39 percent for the same tank 
capacity range (Willison, 1977). 
Lager and Smith (1974), in their assessment of urban storm-
water management and technology, conclude that physical treatment 
processes, such as sedimentation, are well suited to stormwater 
applications. It was also stated that removal efficiencies for 
the physical treatment processes tend to vary directly with the 
influent contaminant con centra ti on. Therefore, instantaneous re-
moval efficiencies lose their significance; an improved basis of 
comparison is mass loadings applied versus those discharged. 
Lager et al. (1977) concluded that physical treatment sys-
tems have the capability to handle high and variable influent con-
centrations and flow rates. They reported percent reductions due 
to plain sedimentation of 20 to 60 percent and 30 to 90 percent 
for suspended and settl eab 1 e so 1 ids, respectively. Tota 1 phos-
pho rus and tota 1 kje 1 dah 1 nitrogen remova 1 s were 20 and 38 per-
cent, respectively; B005 was diminished by 30 percent and COD by 
34 percent. Removal of heavy metals, nitrogen, phosphorus and 
other constitue~ts by sedimentation are summariz~d in Table II-4. 
A study conducted by Colston and Tafuri (1974) on the Third 
For~ Creek drainage basin in Durham, North Carolina, produced sig-
nificant data concerning the physical treatment of urban storm-
water runoff. Land uses associated with the basin were varied 
and included: high and 1 ow density housing, shopping centers, 
portions of the central business district, industry, railroad 
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TABLE II-4 
POLLUTANT REMOVAL FOR VARIOUS 
CONSTITUENTS BY PLAIN SEDIMENTATION 
Pollutant 
Heavy r~e ta 1 sa 
Copper 
Chromium 
Nickel 
Zinc 
Lead 
Iron 
Cadmium 
Calcium 
Magnesium 
Sodium 
Po tass i urn 
t·1ercury 
Nitrogenb 
Ammonia 
Organic 
To"ta 1 Kje 1 dah 1 
Nitrate 
Nitrite 
Phosphorusb 
Total 
Or tho 
Other Constituentsb 
COD 
TOC 
Oil and Greasec 
: Average of 10 samples. 
c Average of 2 to 3 samples. 
Average of 6 samples. 
Average 
Removal (%) 
24.1 
32.3 
26.6 
27.2 
30.6 
16.6 
38.8 
19.2 
23.5 
18.5 
23.5 
8.4 
22.1 
50.5 
38.4 
15.4 
0.0 
22.2 
6.7 
34.4 
21.3 
11.9 
SOURCE: Laoer, John A., et al. Urban 
Stormwater Management and Technology: Update 
and Users• Guide. Washington, D.C.: U.S. En-
vi ronmenta 1 Protection Agency, U.S. Government 
Printing Office, 1977. 
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yards, expressways and undeveloped land. The average concentra-
tions of pollutants contained in stormwater runoff from the Third 
Fork Creek basin are 1 is ted in Table I I-5. 
Removals for COD, suspended solids and turbidity were 61, 77 
and 53 percent, respectively, for 15 minutes of plain sedimenta-
tion under ideal quiescent conditions. Furthermore, Colston and 
Tafuri (1974) concluded that plain sedimentation, being less cost-
ly than chemical coagulation, removed a significant portion of or-
ganics and should be considered as the first alternative in treat-
ment of urban land runoff. 
Best management practices for non-point source pollution con-
tra l were eva 1 uated in the Orlan do Metropolitan Areawide 208 
Water Quality Management Plan (East Central Florida Regional Plan-
ning Council, June 1978). The performance of a sedimentation basin 
discharging to Prairie Lake in Casselberry, Florida was included 
as part of these evaluations. The treatment facility was serving 
a 4.4 acre commercial area during the investigation. Typical 
pollutant loadings for the Prairie Lake drainage basin are listed 
in Table II-6. 
The sedimentation basin measured 38 feet in length and 
18 feet in width. The basin bottom sloped upward from a depth of 
6 feet at the influent end to 6 inches at the effluent end. A 
baffle was included to prevent the short circuiting of flows and 
to act as an energy dissipater. 
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TABLE II-5 
AVERAGE, RANGE, AND STANDARD DEVIATION OF 
POLLUTANT CONCENTRATIONS IN RUNOFF SA~1PLED FROM THE 
THIRD FORK CREEK BASIN, DURHAM, N.C. 
Pollutant Mean Standard Range ( mg/1) 
mg/1 De vi a ti on LOW· High 
COD 170 135 20 1042 
TOC 42 35 5.5 384 
Tota 1 So 1 ids 1440 1270 194 8620 
Vo 1 a ti 1 e So 1 ids 205 124 33 1170 
Total Suspended Solids 1223 1213 27 7340 
Vo 1 a ti 1 e Suspended So 1 ids 122 100 5 970 
Kje 1 dah 1 Nitrogen as 11 N" .96 1.8 .1 11.6 
Total Phosphorus as 11 Pu .82 1.0 .2 16 
Fecal Co 1 i form · (#I m 1 ) 230 240 1 2000 
Aluminum 16 8. 15 6 35.7 
Calcium 4.8 5.6 1.1 31 
Coba l t .16 .11 .04 .47 
Chromi urn .23 .10 .06 .47 
Copper .15 .09 .04 .50 
Iron 12 9.1 1.3 58.7 
Lead .46 . 38 0.1 2.86 
Magnesium 10 4.0 3.6 24 
Manganese .67 .42 .12 3.2 
Nickel .15 .05 .09 . 29 
Zinc . 36 .37 .09 4.6 
Alkalinity 56 30 24 124 
SOURCE: Co 1 s ton, Newton V. , Jr. , and Anthony N. Tafuri. 
Characterization and Treatment of Urban Land Runoff. Washington, 
D.C.: U.S. Environmental Protection Agency, U.S. Government 
Printing Office, 1974. 
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TABLE II-6 
POLLUTANT LOADINGS FOR THE PRAIRIE 
LAKE COMMERCIAL DRAINAGE BASIN 
Constituent Loading (lb/Ac-yr) 
8005 96.5 
Suspended 4056.0 
Solids 
Total 29.6 
Nitrogen 
Total 10.9 
Phosphorus 
SOURCE: East Central Florida Regional 
Planning Council. Orlando Metropolitan Area-
wide 208 Water Quality Management Plan. Winter 
Park: East Central Florida Regional Planning 
Council , June 1978. 
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Six storm events were sampled at the site; influent and ef-
fluent loadings are shown in Table II-7 for B005, Total Nitrogen, 
Total Phosphorus and Suspended Solids. Removal efficiencies for 
these parameters were 60, 76, 76 and 84 percent, respectively. 
It was determined that removal efficiencies would improve signifi-
cantly if the s edi mentation basin was drained and cleaned between 
ra i nfa 11 events ( Wanie 1 is ta and Shannon, 1977). This would eli mi nate 
the resuspensi on of sedirrent that occurred as a result of the 
scouring action produced by incoming flow. 
Lake Eo 1 a 
Lake Eola is a land-locked water body situated in the central 
business district of Orlando, Florida. It is a notable downtown 
amenity and is characterized by a surrounding park and gardens in-
cluding a concert band shell. The lake, with its unique water 
fountain, is a familiar Orlando landmark and is the site for numer-
ous community activities. 
The Central Florida area has a subtropical climate with win-
ter and summer as the only apparent seasons. The average temper-
ature in Orlando is 71.5° F (U.S.G.S., 1968). The average annual 
areal rainfall amounts to 51.4 inches (U.S.G.S ., 1968). Approxi.-
mately 50 percent of this annual precipitation occurs during 
the summer wet season, which extends from June through September. 
Thunderstorms occur on an average of 83 days per year, one of the 
highest incidences of storms in the United States (U.S.G.S., 1968). 
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TABLE II-7 
INFLUENT AND EFFLUENT LOADINGS WITH 
AVERAGE EFFICIENCIES FOR THE 
PRAIRIE LAKE SEDIMENTJl.TION BASIN 
Influent Effluent Average 
Constituent Load Load E ffi ci ency 
(lbs/yr) {lbs/yr) % 
8005 425.0 171.2 60 
Suspended 17,884.4 2,936.5 84 
So 1 ids 
Total 130.3 31.4 76 
Nitrogen 
Total 48.0 11.6 76 
Phosphorus 
SOURCE: East Central Florida Regional Planning Council. 
Orlando Metropolitan Areawide 208 Water Quality Management 
Plan. Winter Park: East Central Florida Regional Planning 
Council, June 1978. 
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Monthly temperature and rainfall values for the City of Orlando 
are summarized in Table II-8. 
Lake Eol a has a capacity of about 100 mi 11 ion ga 11 ons and an 
approximate surface area of 27 acres. The water surface elevation 
fluctuates between 87.5 feet and 88.5 feet above mean sea level with 
regulation provided by 3 drainage wells. Lake depth varies from 
a maximum of 22 feet to a shore line depth ranging between 2 and 3 
feet. A map depicting lake water depth i·s shown in Figure II-2. 
A bulk head extending along the perimeter of the lake disrupts the 
stratification of the l i ttoral zone by preventing the formation of 
beaches . However, emergent vegetation does exist desultorily in 
the shallow depths which abut the perimeter wall. Swimming, fish-
ing, boati ng, and other rel ated activities are not normally permitted 
on Lake Eola. Lake use is essentially limited to sightseeing. 
The Lake Eola Watershed, including Eola Park, comprises 148 
acres. The land uses associated with the watershed are largely , 
commercial, residential, and parkland. Land use areas and water-
shed boundaries are delineated in Figure II-3. 
The predominant soil types found in the Orlando area are Lake-
land, Eustis, Blanton and Orlando (S .. C.S., 1960). These soils have 
subsequently been classified into The Soil Conservation Service 
Hydrologic Group A (S.C.S., 1975). Soils that are members of this 
group have a high infiltration rate even when thoroughly wetted and 
consist chiefly of deep, well drained to excessively drained sands 
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or gravels (S.C.S., 1975). Hence, open space areas in the Lake Eola 
watershed generate relatively little stormwater runoff. However, 
approximately 60 percent of the watershed consists of impervious 
surfaces such as streets, parking lots and buildings (Chancellor, 
1975). Thus, despite favorable hydrologic soil qualities, the po-
tential for runoff in the Lake Eola watershed is great due to the 
expanse of impervious surfaces. 
Nearly 1.4 x ld3 gallons of stormwater runoff are contributed 
to the lake annually. Wanielista et al. (1977) developed pollutant 
mass 1 oadi ngs for two sub-areas of the Lake Eol a Watershed. Mass 
loadings from a 28 acre commercial area are presented in Table II-9; 
similar loadings foi a 16.1 acre residential area are shown in 
Table II-10. Comparison of these tables reveals that the loadings 
for the commercial site excluding those for BOD, COD, and TOC, 
exceeded the loadings reported for the residential site. 
Pollutant loadings such as those listed in Tables II-9 and II-
10 have produced severe lake trophic state perturbations. The tro-
phic state of Lake Eola has been predicted as eutrophic according 
to the trophic state models of Vollenweider, Dillon, and Larsen-
Mercier (Marshall, 1980). Similar lake conditions in 1972 compelled 
city, county and state agencies to organize and implement a plan of 
lake restoration. The restoration activities carried out at that 
time are outlined below. 
1. Expanded street sweeping service was provided in 
the Lake Eola watershed. 
Cons ti tuen t 
ss 
BOD 
COD 
TOC 
TKN-N 
N03-N 
OP-P 
TP-P 
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TABLE I I -9 
~1ASS LOADING FROM URBAN STOR~'lWATER RUNOFF 
FROM 28-ACRE COMMERCIAL AREA AT LAKE 
EOLA DRAINAGE BASIN, LE1 
Est i rna ted Mass ( 1 b) Average Mass Loading 
0.8 mm storm 18 mm storm kg/ha-yr lb/in./sq mile on 5/5/75 on 5/12/75 
14.61 103.82 338 3,380 
7.14 10.12 50 540 
32.27 71.51 296 3,250 
11.12 32.10 123 1,353 
0.25 0. 94 4 37.3 
0.11 2 .15 6 70.7 
0.038 0.58 2.0 19.4 
0.045 1.17 3.5 38 
SOURCE: Wanielista, Martin P.; Yousef A. Yousef; and Waldron 
M. Mclellan. 11 Nonpoint Source Effects on Water Quality, 11 Journal 
Water Pollution Control Federation 49 (March 1977): p. 447. 
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TABLE II-10 
MASS LOADING DUE TO STORMWATER RUNOFF FROM 
16.1 ACRE RESIDENTIAL AREA AT 
LAKE EOLA DRAINAGE BASIN, LE2 
Estimated Hass ( 1 b) Average ~ass Loading 
Constituent 
356 mm storm 5 mm storm kg/ha-yr lb/in./sq mile on 6/1/75 on 6/2/75 
ss 6.70 11,60 195.00 2,140.0 
BOD 4.10 2.90 74.60 818.4 
COD 19,10 22.40 442.30 4,852.0 
roc 6.20 6. 80 138.50 1,520.0 
TKN-N 0 .. 07 --- ... 1.81 19.9 
N03-N 
.... _. ...... 0.12 2.17 23.8 
OP-P 0.025 0.05 0.80 8.8 
TP-P 0.12 0.09 2. 24 24.5 
SOURCE: Wanielista, Martin P.; Yousef A. Yousef; and Waldron 
M. Mclellan. "Nonpoint Source Effects on Water Quality," Journal 
Water Pollution Control Federation 49 (March 1977): p. 448. 
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2. Inlet discharges were extended into the lake to a 
depth of 10 feet to a 11 evi ate prob 1 ems associ a ted 
w i th s i 1 tat i on . 
3. Screening devices were installed in street drains 
to prevent debris from entering the lake. 
4. The lake was drawn down to the 10 foot water depth 
contour; sediments were consolidated due to exposure. 
5. The lake bottom was cleared of accumulated trash 
and junk. 
6. Eighty-thousand (80,000) cubic yards of clean sand 
were used to establish a more aesthetic and stable 
bottom. The shoreline was contoured to permit the 
growth of rooted aquatic plants. 
7. The lake was refilled with clean well water and 
stocked with fish. 
8. A program of algacide applications was initiated. 
CHAPTER III 
PROCEDURE 
In order to provide a valid composite stortTPNater sample for 
column study, it was necessary to obtain a series of discrete sam-
ples that were distributed over the duration of each runoff event. 
Sampling crews were dispatched regularly to the study area in anti-
cipation of storm events. Hence, individuals were on-site to 
capture samples from the initial discharges of stormwater runoff 
produced by each of the events. 
Stormwater Runoff Sampling 
Seven column studies were performed on s tormwa ter runoff co 1-
lected at four separate sites within the Lake Eola watershed. The 
sampling sites wer~ termed Lake Eola-North, School, Lake Eola-
West and George Stuart. The latter two were situated in commer-
cial areas, whereas, the former were located in residential areas. 
The contributing watershed area at each sampling point was 1.10, 
5.72, 0.56 and 0.42 acres, respectively. The location of each 
sampling site is indicated on the map in Figure III-1. 
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Sampling Procedure 
Suitable containers for sample collection were obtained from 
local donut shops. Jelly and other pastry fillings are typically 
packed in four and five gallon plastic pails. These pails were 
equipped with handles which eased the sampling procedure and tight 
fitting lids which alleviated transportation difficulties. 
With the exception of Lake Eola-West, all the sampling sites 
involved gutter inlets with catch basins. Removal of the manhole 
covers at each inlet structure provided access to the catch basin 
for sampling. The sampling procedure routinely involved lowering 
a bucket by hand and holding it beneath the inlet permitting storm-
water to flow unimpeded into the container. As each sample was 
taken, the time was noted along with the duration of time required 
to fill the bucket. The approximate time rainfall began was also 
recorded for each storm event. 
The Lake Eola-West site also involved a manhole. However, 
sampling conditions were considered hazardous and only one sampling 
was attempted. The remaining sites were sampled two times during 
the study period, that extended from April to July of 1979. 
Field judgement was exercised in determining when a sample 
should be taken. In many cases, all the available sampling buckets, 
numbering between 20 and 24, were filled before the runoff event 
was complete. Hence, the contents of select buckets were discarded 
as required to extend sampling to the conclusion of the runoff 
event. The samples were transported immediately to the laboratory 
for the column study settling analysis. 
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Composite Column Study Sample 
The initial task associated with the column study was to de-
termine the fractional volume of each runoff sample to be used in 
filling the column. The time observations recorded by the sampling 
crews were used to establish the runoff hydrograph. The volume of 
the bucket, divided by the duration of time to fill, yielded the 
discharge rate pertaining to each sample. The rate of discharge 
accompanied by the samp·l ing time provided the data necessary to 
produce the runoff hydrograph. Sampling and hydrograph data are pre-
sented for each storm event in Tables A-1 to A-7 in the Appendices. 
Inspection of these Tables reveals the procedure used to de-
termi ne the composite runoff sample of 122.3 liters that was required 
for each storm studied. The storm volume in gallons represented by 
each sample bucket was derived from the product of the flow in 
gallons per minute and the elapsed time interval between the sample 
of interest and the sample it preceded. The percentage of each 
runoff sample to be used was found by dividing the runoff volume 
represented by each bucket by the total stormwater runoff volume. 
This fraction was subsequently multiplied by the co ~ umn volume in 
1 i ters to determine the vo 1 ume of each bucket to be used in the 
study. However, in a few i so 1 a ted cases, the vo 1 ume of runoff 
required of a bucket exceeded its capacity. Runoff volumes from 
adjacent samples were then used to make up the difference. The 
contents of the buckets were mechanically stirred to resuspend any 
settled material prior to sample proportioning and the subsequent 
filling of the column. 
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Column Apparatus 
The settling column measured 6 feet in length and 1 foot in 
diameter. Sampling ports were arranged at various depths along the 
column of which only three were utilized during the studies. These 
were located at depths of 1.1 (port 1), 3.0 (port 3), and 4.5 
(port 5) feet below the height of the initial height of the filled 
column. The column was mounted in an apparatus designed to uniform-
ly mix the stormwater contained in the column simultaneously in the 
vertical plane perpendicular to the laboratory floor and also 
around its own centroidal axis. The watertight sealing unit occu-
pied the top six inches of the column diminishing its effective 
length to 5.5 feet. Consequently, the volume of the sealed column 
was 122.3 liters. 
Column Study Procedure 
Once the column had been filled with the composite stormwater 
sample, the seal or cap was applied. During the sealing process 
entrapped air was forced out through a valve located on top of the 
cap. Once as much air as possible had been evacuated, the valve 
was closed and the dual axis rotation was initiated. The column 
was rotated for 5 minutes after which time the column was halted 
and locked into its upright position. The air valve was released 
and samples were withdrawn immediately and simultaneously from the 
three ports. Subsequent samples were withdrawn after 5, 10, 15, 
30, 60 and 120 minutes of settling had elapsed. 
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Samples were collected in 500 milliliter glass erlenmeyer 
flasks that were coded to reflect port depth and sampling time. 
One hundred milliliters of each sample were transferred to a simi-
1 arly coded flask to be used for the meta 1 s analysis. The pH of 
these samples was lowered to less than 2 with nitric acid. 
The remaining sample volume of approximately 400 milliliters 
was treated with mercuric chloride for preservation purposes. The 
general water quality samples were sealed and placed into refriger-
ated storage at 4° C. The metals samples were sealed and stored 
on the shelf at room temperature. 
Water Quality Analysis 
The general water quality parameters of interest were Total 
Suspended Solids (TSS), Volatile Suspended Solids {VSS), Non-
volatile Suspended Solids (NVSS), Total Organic Carbon (TOC), 
Chemical Oxygen Demand (COD), Ammonia Nitrogen (NH3-N), Total 
Kjeldahl Nitrogen (TKN), and Total Phosphorus (TP). The metals 
analysis included Calcium (Ca), Cadmium (Cd), Copper (Cu), Chromium 
(Cr), Nickel (Ni), Magnesium (Mg), Zinc (Zn), Arsenic (As.), Iron 
(Fe), and Lead (Pb). The settled stormwater samples were analyzed 
expiditiously to ensure the validity of the laboratory results. 
The analytical methods used to determine the parameters above are 
summarized in Table III-1. In most cases, experimental procedure 
followed Standard Methods (1976). 
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CHAPTER IV 
RESULTS 
Seven runoff events were sampled during the period extending 
from the month of April through the month of July of 1979. The 
mean values associated with each event for the general water quality 
and metals parameters are summarized in Table IV-1. As shown in 
Table IV-1, the column studies associated with each storm event 
have been designated in chronological order as column studies 1 
through 7. The mean value, the maximum and minimum value and the 
standard deviation for the storms considered collectively are also 
1 i s ted i n Tab 1 e I V -1 . In add i t i on , pert i n en t watershed , r a i n fa 11 
and runoff data are also presented. 
The mean values listed in Table IV-1 were determined by 
averaging the initial (time = 0) concentrations found at each of 
the three sampling ports. 
The quality of stormwater is extremely variable and is depen-
dent on a variety of factors. Antecedent moisture conditions, for 
example, exert a major influence on st€lri'TWater quality. The 
in it i a 1 storm that occurred on Ap ri 1 5, 1979 was preceded by 
nearly 30 days of dry weather. Consequently, a severe accumulation 
of pollutants occurred in the watershed. Accordingly, the quality 
of the stormwater reflected this condition and the highest values 
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for TKN, NH 3, TOC, TP, and the metals Ca, Cu, Ni, r~g, Zn, Fe and 
Pb were recorded for this storm. The sample taken at the Lake 
Eola-North site on 7/08/79 yielded the high values for TSS, VSS, 
COD, and Cd. The magnitude of the solids data was attributed to 
the presence of construction activity within the drainage area. 
The sample obtained at the schoml site on 6/27/79 produced an ar-
senic concentration over 4 times greater than the overall storm 
average of 256 ppm. An explanation for this extreme was not possi-
ble since no unusual activity in the drainage a,rea was apparent. 
The maximum concentration measured for NVSS also occurred for the 
6/27/79 storm. The chromium concentration associated with the 
4/25/79 storm was the highest recorded during the sampling period. 
The raw data generated by each column study are summarized by 
port and sampling time in Tables B-1 through B-14 in the Appendix 
sect i on . These tab 1 e s are arran ge d i n terms of the genera 1 water 
qua 1 i ty parameters and the meta 1 s parameters. 
Removal efficiencies were then calculated by port and sampling 
time for all the parameters investigated. This was done by taking 
the ratio of the initia~ values measured at each port and the 
difference in concentration that occurred during settling. The 
removal effi ci enci es associ a ted with each column study are presented 
in Tables IV-2 through IV-19. Tables IV-2 through IV- 9 summarize 
general water quality parameter removal; while the remaining tables 
list metals removals. Inspection of these tables reveals that in 
45 
many instances negative removals were exhibited. This occurrence 
was attributed to convection currents in the fluid that were appar-
ently created by the spinning motion of the column. These currents 
typically dissipated in a few minutes. Neverthetless, their presence 
did modify the efficiencies exhibited by some of the constituents, 
especially those associated with the initial sampling. times (5, 10 
and 15 minutes). 
The removal efficiencies by sampling port for each stormwater 
constituent are plotted as a function of time in Figure IV-1. 
Although these graphs are very general, they do illustrate the ob-
served removal trends. The following discussion will address each 
parameter in detai 1. 
To ta 1 Suspended So 1 ids 
Initially, it was thought that a majority of the suspended 
sol ids contained in the stormwater runoff wou1d be of the discrete 
variety. However, the ensuing field sampling and column studies 
suggested that perhaps there were more flocculent particles in the 
stormwater than had originally been anticipated. Theoretically, 
plain sedimentation will only remove those particles with a speci-
fic gravity greater than that of water. Hence, floccu-
lent particles were removed as they coagulated and grew in size. 
The total suspended solids removal results are listed in Table 
IV-2. After two hours of settling, percent removals at port 1 
ranged between -24.44 percent to 94.74 percent, with an average 
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removal of 56.02 percent. The removals corresponding to port 3 
ranged between -1.40 to 88.65 percent, with an average of 42.62 
percent. Removals at port 5 fell into the nange of -10.00 percent 
to 92.36 percent, with an average removal of 58.92 percent. 
Column studies No. 5 and No. 6 displayed excellent total sus-
pended solids removal. The removal occurred very rapidly for each 
of these studies. Furthermore, these two studies had the highest 
initial concentrations associated with them. This seems to suggest, 
that at least for column studies No. 5 and No. 6, a substantial 
fraction of the suspended s~lids were in the discrete form. 
The average percent total suspended solids removal lfsted in 
Table IV-2 is shown graphically in Figure IV-2 for each port. 
Figure IV-2 shows that percent total suspended solids removal did 
not vary greatly with port depth. 
Volatile Suspended Solids 
Based on 7 column studies, volatile suspended solids made up 
62 percent of the TSS. Table IV-3 indicates that a majority of the 
column studies resulted in significant removals of volatile sus-
pended solids. Removal ranges at ports 1, 3 and 5, respectively, 
were 29.41 to 95.32 percent, 7.93 to 97.64 percent and -18.51 to 
93.67 percent after two hours of subsidence. The average removals 
at pants 1, 3 and 5 were 58.53, 49.97 and 47.14 percent, respective-
ly. Removal for the most part was complete after 1 hour of settling 
producing an average removal, based on 7 column studies, of 54.16 
percent for all three ports. 
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Fig. IV-2. Average percent total suspended solids 
removed versus time for settled storTTWater runoff from 
the Lake Eola watershed. 
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The average TSS and VSS removals exhibited after 60 minutes 
of settling were 51.5 percent and 57.16 percent, respectively. 
This means that of the average initial TSS concentration of 145.9 
mg/1, only 51.5 percent was settleable. However, approximately 
54 J6 percent of the initial VSS concentration of 89.9 mg/1 was 
settleable. Hence, approximately 65 percent of the settleable 
solids were volatile. 
The average ratio of VSS to TSS was approximately 58 percent 
initially. One hour of settling produced only a minor reduction 
in this ratio to 56.5 percent. This implies that the remaining 
solids (NVSS) settled at the same rate as the VSS. This, in turn, 
implies that the· NVSS, which waul d typically be of a discrete var-
iety, behaved similarly to the VSS, which are usually found to be 
colloidal or of a non-discrete nature. This supports the earlier 
contention that a majority of the suspended particles were floccu-
lent and not discrete. 
Non-volatile Suspended Solids 
Based on seven column studies, NVSS made up 38 percent of the 
TSS. Removals of NVSS are summarized in Table IV-4. There is a 
significant disparity between the average removals listed for 60 
and 120 minutes at each of the sampling ports. This was likely due 
to the first 3 column studies that produced rather erratic results. 
The removals listed for all column studies at port 1 after 120 
minutes of settling ranged between -179.07 and 100 percent with an 
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average removal of 27.49 percent. Removals listed for port 1 after 
60 minutes of settling were not as variable and ranged between 
-25.00 and 100.00 percent; the average was 56.05 percent. Port 2 
removals ranged between ;..100.00 and 100.00 percent for 60 minutes 
of settling, and between -177.78 and 95.12 percent for 120 minutes 
. . 
of settling. Average removals were 46.22 percent and 8.20 percent 
for 60 and 120 minutes of settling, respectively. Removal at port 
5 was probably the least variable. Sixty minutes of settling pro-
duced removals ranging from -50.00 to 83.33 percent with an average 
of 37.63 percent. After 120 minutes, removals were all positive 
and ranged from 33.33 to 96.87 percent; the average was 72.67 per-
cent. 
The ranges and averages of removals reported above may be de-
ceiving. If only only studies 4 through 7 were considered in the 
analysis, an entirely different scenario of VSS removal would be 
possible. 
Chemical Oxygen Demand 
Removal percentages for each of the column studies are summar- . 
ized in Table IV-5. Column study 6 exhibited the most complete 
treatment with removals approaching 80 percent for all three ports 
after 2 hours of sedimentation. However, in most cases, removal 
was near completion after 60. minutes. At port 1 COD removals ranged 
from 4.24 to 65.17 percent; the average was 36.04 percent. Very 
few negative ~emovals were exhibited at port 1. 
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Removals at port 3 were not quite as high as those displayed 
by port 1. They ranged from -49.88 to 80.769 percent~ The average 
removal produced by sedimentation at port 3 was 20.61 percent. 
Port 5 exhibited varied removal percentages that included a maximum 
of 79.231 percent and a minimum of -22.66 percent. The average COD 
removal at port 5 was 27.60 percent. 
Based on 6 column studies and the removals shown by 3 sampling 
ports, approximately 28 percent of the COD contained in Lake Eola 
stormwater will be removed by 60 minutes of sedimentation. 
Total Kjeldahl Nitrogen 
The average i ni ti a 1 concentration of TKN was 4. 2 mg/ 1. The 
TKN removal percentages for each column study are listed in Table 
IV 6. Column study 6 continued its trend of efficient · removal by 
displaying the highest removal percentages . As mentioned earlier, 
column study 6 had the highest initial concentration of TSS. Two-
thirds of these solids were of a vo 1 a ti 1 e form. Vo 1 a tile suspended 
solids were removed in excess of 90 percent during this column 
study, which may explain the accompanying removal' of TKN. 
The highest average removal for each of the ports occurred 
after two hours of settling. Removal at port 1 had a range of 
-120.00 to 84.00 percent with an average of 18.63 percent. The 
range of removal at port 3 had a maximum of 74.074 percent and a 
minimum of -21.782 percent, the average was 23.34 percent. 
Port 5 removals were all quite 1 ow, ranging between -14 .. 29 percent 
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and 80.303 percent. The average removal was 7.67 percent. An 
additional 60 minutes of settling improved the average removal to 
15.76 percent. 
Overall, TKN removal was not favorable. The results were very 
erratic and contained many negative values. The average TKN remo-
val after 60 minutes of sedimentation was only 16.55 percent. 
That percentage is based on 7 column studies and the removal data 
gathered from all three ports. 
Ammonia Nitrogen 
Ammonia nitrogen removal essentially followed the removal 
trends demonstrated by total kjeldahl nitrogen. The average i.nitial 
concentration of NH 3-N was 0.5 mg/1. The calculated removal per-
centages for each of the column studies are listed in Table IV-7. 
The removal percentages fluctuated greatly, with port one display-
ing the most consistency. Maximum removal efficiency was achieved 
for each port after 60 minutes of settling. The removal range 
at port 1 was -38.46 percent to 78.603 percent; the average was 
37.35 percent. The lowest removal recorded for port 3 was 0.00 
percent; the highest was 100.00 percent. The average removal for 
port 3 was 34.39 percent. Port 5 displayed somewhat poorer remo-
vals. The range at port 5 was -17.64 to 52.06 percent with the 
average being 13.03 percent. 
Based on the average removals shown in Table IV-7 for each 
port, a 28 percent reduction in ammonia nitrogen can be anticipated 
from Lake Eola stormwater due to one hour of sedimentation. 
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Total Organic Carbon 
The average initial concentration of TOC contained in the storm-
water for a 11 co 1 umn studies was 139.9 mg/ 1. Co 1 umn study 1 had 
an initial average TOC concentration of 520 mg/1; which exceeded 
the next highest column study by over 8 fold. If column study 1 
is not considered in the computation of the average TOC concen-
tration, it diminishes the value to 34.85 mg/1. 
TOC removal was extremely varied at each port. Port 5 exhi-
bited the weakest removal; whereas, port 3 provided significant 
and consistent removal. As for other constituents, sedimentation 
times in excess of 60 minutes produced no appreciable improvement. 
Port 1 remova 1 percentages ranged from 11.32 to 38.67 perdent, with 
an average value of 23.47 percent. The range at port 3 was 2.36 
to 52.02 percent which produced an average of 34.67 percent. The 
maximum removal displayed by port 5 was 28.30 percent; the minimum 
was -19.04 percent. The average removal for 60 minutes of quiescent 
settling at port 5 was only 1.89 percent. 
Referring to Table IV-8, it is apparent that TOC does not ex-
perience appreciable removal by sedimentation. Based on the aver-
ages shown, only about 20 percent of the TOC was settleable after 
60 minutes. 
Tota 1 Phosphorus 
The average initial total phosphorus concentration was 1.0 
mg/1. Table IV-9 summarizes the TP removal behavior displayed by 
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each column study, Collectively, the column studies exhibited a 
general trend of increased removal with time. Two hours of sedimen-
tation were required to attain the ultimate removal efficiency. The 
relationship between total phosphorus removal and time is shown in 
Figure IV-3. 
The range of remova 1 at port 1, after 120 minutes of settling, 
was 19.23 to 59.3 percent. The average removal was 43.96 percent. 
Port 3 had a removal range from -38.411 percent to 49.412 percent. 
However, due to the negative removal recorded for column study 7, 
the average removal after two hours was considerably lower at 24.52 
percent. Port 5 demonstrated moderatel.y consistent removal of TP. 
The range of removal extended from 19.802 percent to 61.53 percent 
with an average removal of 40.61 percent. 
Two hours of sedimentation produced rather significant removal 
of total phosphorus. Based on the averages shown in Table IV-9, 
approximately 36 percent of the total phosphorus contained in Lake 
Eola storl'l'Water was removed after 2 hours of settling. 
Previous studies of Lake Eola stormwater runoff indicate that 
total phosphorus is equally distributed among the dissolved and 
suspended form (Taylor). Therefore, it is evident that 2 hours of 
settling produced a 72% reduction in the available particulate phos-
phorus. 
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Heavy Metals 
The removal trends exhibited by the metals are graphically pre-
sented in Figure IV-1. Tables IV-10 through IV-19 summarize the 
removal shown by each constituent. These tables are arranged in 
the same manner as those for the general water quality parameters. 
Inspection of the tables and Figure IV-1 indicates that heavy me-
tal removal was quite variable. In some instances, negative remo-
vals were firmly established. 
Zinc removal fluctuated greatly. Consequently, negative values 
dominate the average removals listed in Table IV-10. The only con-
sistent removal was displayed by column study 3. The results im-
proved for cadmium which exhibited consistently more positive re-
moval efficiencies (see Table IV-11). Column study 6, which had 
the highest initial concentration of cadmium at 74 ppb, also showed 
the most efficient removal. Approximately 70, 93 and 48 percent 
of the cadmium present was removed at ports 1, 3, and 5, respec-
tively, after 60 minutes of subsidence. 
Arsenic removal fluctuated greatly with column study 2 producing 
some negative removals of rather high magnitude. The results of 
column study 2 coupled with the negative removals interspersed 
throughout the remaining studies, produced negative values for the 
majority of the entries in the average removal column of Table IV-
12. However, column studies 1, 5 and 6 demonstrated a trend towards 
increased removal with time. 
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The average removals 1 is ted in Table IV-13 for nickel are al-
most entirely negative. Port 1 exhibited a pos i. ti ve remova 1 trend 
for column studies 1, 4 and 5. Port 3 only displayed positive re-
moval f0·r column study 4 and port 5 demonstrated positive removal 
for column study 1. The removal efficiencies indicate that plain 
sedimentation is not adequate treatment for the removal of nickel 
from Lake Eola Stormwater. 
Copper removal was varied among the column studies with column 
study 1 displaying the only consistent positive removal. The 
average removals for ports 1, 3 and 5 were 29.59, 5.54 and -90.79 
percent after 60 minutes of sedimentation (see Table IV-14). 
Magnesium removals for each column study are summarized in 
Table IV-15. Column studies 5 and 6 demonstrated positive removal 
trends; however, the v~lues listed in the average removal column 
do not exceed 7 percent. Thus, it appears that the magnesium that 
was contained in Lake Eol a stormwater was n·ot amenable to treatment 
by plain sedimentation. 
Iron maintained the variable removal behavior that was seeming-
ly characteristic of the metals contained in Lake Eola stormwater 
runoff. Co 1 umn study 1 displayed sign i fi cant remova 1 with an aver-
age reoova 1 efficiency of 37 per·cent for each port after 2 hours of 
settling. The remaining column studies lacked consistent positive 
removal for each port. Typically, treatment at port 5 was ineffec-
tive; this is reflected in the average removal column for port 5, 
which is entirely occupied by negative values. Ports 1 and 3 
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displayed much more efficient removal with averages of 29.73 and 
18.75 percent after 2 hours of sedimentation. Iron removal is 
summarized in Table IV-16. 
A majority of the column studies showed positive removal trends 
for 1 ead. From Table IV-17, it is evident that each port, especi-
ally port 5, provided t~eatment. However, the magnitude of the 
negative results of co 1 umn study 3 at port 5 have biased the aver-
age removals listed in Table IV-17 for the various sampling times. 
If these values are rejected, the average removal efficiencies are 
-2.62, 5.63, -3.45, 12.46, 16.82, and 23.23 percent, respectively, 
for the sampling times of 5, 10, 15, 30, 60 and 120 minutes. The 
average removals shown by· ports 1 and 3, coupled with the recal cu-
1 a ted va 1 ues for port 5, suggest that 2 hours of settling wi 11 ul ti-
mately reduce the concentration of lead in Lake Eol a stormwater 
by 20 percent. 
Chromium removal by port or column study was not consistent 
as evidenced by the values listed in Table IV-18. Port 5 exhibited 
rather weak results. Column study 6 demonstrated the most consis-
tent treatment with an average removal of approximately 27 percent 
for each port after 2 hours of sedimentation. The average two hour 
removals for ports 1, 3, and 5 were 7.85, 7.00 and 6.56 percent, 
respectively. These values indicate that plain sedimentation is 
essentially an ineffective treatment measure for chromium. 
Calcium removals for each column study are listed in Table 
IV-19. Removal efficiencies were varied for each port as well as 
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77 
for each co 1 umn study. Campara ti ve 1 y, co 1 umn studies 1, 2, and 6, 
all ports considered, exhibited the most efficient removal. The 
average two hour remova 1 va 1 ues for ports 1, 3 and 5 were 22.76, 
6.915 and -135.32 percent, respectively. The results above indi-
cate that plain sedimentation is not adequate to effect efficient 
calcium removal from Lake Eola stormwater. 
CHAPTER V 
DATA ANALYSIS 
A statistical analysis was performed on the column study data 
that were presented in Chapter IV. A relationship was sought be-
tween the percent removal of the various stormwater constituents 
and known time and settling variables. The linear regression 
equations that were developed for the statistical data analysis 
are presented below. 
where: 
% Remova 1 (X) = mt + b 
% Removal (X) = m ln t + b 
% Remova 1 (X) = m s.v. + b 
% Removal (X) = m ln s.v. + b 
(% Removal (X})-1 = m(s.v.) + b 
X = any stormwater constituent 
t = time 
sv = settling velocity 
m = slope 
b = intercept 
( 1) 
(2) 
(3) 
(4) 
(5) 
The calculations that were required to determine values for 
the slope and intercept of the regression equations were performed 
using the Statistical Analysis System computer program (SAS, 1979). 
78 
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These equations were intended to provide the engineer or designer 
with a means of predicting the removal efficiency of a stormwater 
detention or sedimentation facility. 
The results of the statistical analysis are presented in Tables 
V-1 through V-3 and in Tables V-4 through V-6 for the general water 
quality and metals parameters, respectively. The results are ar-
ranged in terms of the slope (m), intercept (b), correlation coef-
ficient (r), level of significance (a), and the number of observa-
tions (n). A correlation coefficient (r) of 1 indicates perfect 
correlation or a perfectly linear relationship. The level of signi-
ficance (a) indicates the probability of rejecting the null hypothe-
sis, when in fact~ it is true. A relationship that exhibited a 
level of significance of 0.05 or less was accepted as valid. The 
reader should note that arsenic removal has been omitted from the 
statistical analysis dlte to the latent problems that were discovered 
with the apparatus that was used in the metals analysis. 
Statistical Results for the General Water Quality Parameters 
The time correlation results for equation 1 in Table V-1 show 
tnat none of the general water quality parameters produced correla-
tion coefficients that exceeded 0.51. Thus, a perfectly linear 
relationship was lacking for the time regressions; however, many 
of the constituents produced acceptable levels of significance. 
Ports 1 and 5 both exhibited acceptable levels of significance 
for the removal of TSS, VSS, COD, TOC and TP that were greater 
than 0.05. Port 5 also had an acceptable level of significance for 
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81 
the removal of NVSS; whereas, port 3 only produced acceptable values 
for VSS and TOC. Thus, it is apparent that a direct relationship 
does exist between the removal of the parameters mentioned above 
and time. 
The poor results that were displayed by port 3 for regression 
equation 1 are difficult to justify. The average removals shown 
in Table IV-2 for TSS definitely indicate a trend of increased re-
mo v a 1 wi th time . The 1 eve 1 of s i g n i fica n c e 1 i s ted i n Tab 1 e V -1 
for TSS removal at port 3 is 0.074, which is close to the accepted 
va 1 ue of 0. 05. However, it appears that a 1 a rge majority of the 
constituents .did not accompany the suspended solids during settling. 
The rate of particle agglomeration may have been altered between 
ports 1 and 3 by hindered settling forces that impeded the settling 
motion of the suspended constituents. 
The results of the regression analysis for equation 2 are pre-
sented in Table V-2 for the general water quality parameters. The 
highest correlation coefficient for this relationship occurred for 
total phosphorus removal at port 1 and had a value of 0.639. More-
over, this correlation coefficient was also accompanied by an accep-
table level of significance which indicates that a direct relation-
ship exists between phosphorus remova 1 and the natura 1 1 og of time. 
Based on levels of significance, similar relationships appear pos-
sible at port 1 for COD, NH3 and TOC removal. Although TSS and VSS 
removals at port 1 produced meaningful levels of significance when 
correlated to time, they did not produce acceptable values when 
correlated to the natural log of time. 
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The statistical results at port 3 for regression equation 2 
improved slightly over those associated with equation 1. A level 
of significance of 0.003 suggests that a direct relationship exists 
between TSS removal and the natural log of time. The remaining 
parameters of significance were VSS and TOC. These parameters ex-
hibited· similar statistical results for the time regressions of 
equation 1. 
As shown in Table V-2, the correlation coefficients produced 
by equation 2 at port 5 exceeded those produced by equation 1 for 
TSS, VSS, NVSS, COD and TP remova 1 . The levels of s i gni fi cance 
pertaining to the natura 1 1 og of time regressions were also more 
reassuring. 
The results of the linear regressions for equations 3, 4 and 5 
are summarized in Table V-3 for the general water quality parameters. 
The parameters that produced acceptable levels of significance for 
equation 3 also generated accepted values for equation 4. These 
parameters include: COD, NH 3, TOC and TP removal. Ammonia nitrogen 
removal was not described by either equations 1 or 2; however, equa-
tions 3 and 4 express valid relationships between percent removal 
and settling velocity. The results of the regression analysis for 
equation 5 were not favorable for any of the general water quality 
parameters. However, positive correlations for this relationship 
indicates that the inverse of percent removal becomes smaller in 
magnitude as settling velocity decreases. An alternative statement 
is that percent removal increases as settling progresses. 
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Sta tis ti ca 1 Results for the Meta 1 s Parameters 
From Table V-4, it is apparent that metals removals were not 
correlated successfully to time. Acceptable levels of significance 
were produced only by Fe, Pb and Ca removal at ports 1, 3 and 5, 
respectively. The poor time correlations were probably due to 
the particle sizes associated with the stormwater metals content. 
P J a i n sed i menta ti on wo u 1 d be inc a pa b 1 e of a c h i e vi n g s i g n i f i cant 
metals removals if the metal constituents were of a colloidal 
size. 
The results of the regressions performed for equation 2 are 
presented in Table V-5 for the metals parameters. Inspection of 
this table reveals that the results showed no improvement over 
those exhibited for equation 1. Iron and lead were the only para-
meters that produced meaningful results. The fact that iron remo-
val and especially lead removal were described by equations 1 and 
2 is significant. Lead is a heavy metal that is typically asso-
ciated with urban stormwater runoff and the data analysis has 
indicated that lead removal is possible by sedimentation or deten -
tion. 
The s ta tis ti ca 1 results improved tremendously for meta 1 s re-
movals when regressions were performed for settling velocity and 
the natural log of settling velocity. Although far from perfect 
correlation., the values shown in Table V.-6 for the correlation 
coefficient improved for each parameter. The statistical analysis 
for equation 3 produced meaningful levels of significance for Zn, 
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Cd, Mg, Fe and Cr. The analysis pertaining to equation 4 pro-
duced meaningful levels of significance for Zn, Cu, Fe and Cr. 
The levels of significance shown by both Cd and Mg for equation 3 
and Cu for equation 4 exceeded 0.05. However, the difference be-
tween the values of level of significance that were determined 
for the elements above and 0.05 was not great. Thus, these rela-
tionships were perceived to warrant further consideration. 
The results of the linear regression computations for equa-
tion 5 are listed in Table V-6. Inspection of this table reveals 
that Cr exhibited an acceptable level of significance for this 
relationship. However, the removal percentages predicted by this 
equation are very low(< 1.0%) . It is apparent that metals re-
moval by settling Lake Eola stornwater is not described by equa-
tion 5. 
Many of the equations that are statistically valid for the 
removal of metals predict negative efficiencies. These equations 
simply reflect the variability and inconsistency of the metals 
removal data. Further discussions will focus on those equations 
that predict positive removal efficiencies. 
Constituent Removal by Regression and 
Isoconcentration Lines 
The regression equations that best describe the removal of 
each stormwater constituent at the column sampling port depths 
of 1.1, 3.0 and 4.5 feet are presented in Tables V-7 through V-9, 
respectively. These equations were selected according to 
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correlation coefficient and level of significance. Equations that 
predicted negative removals for the comparison conditions of depth 
and settling time were omitted. In addition, Tables V-7, V-8 and 
V-9 present a comparison between mass loadings of stormwater con-
stituents to Lake Eola with and without treatment by sedimentation 
or de ten ti on. 
Table V-10 presents a comparison between the percent removals 
predicted by the regression equations and the average of the per-
cent removals observed during the column studies for each port. 
This table indicates that for most cases the observed average 
percent removals were greater than those that are predicted by 
linear regression_ 
Isoconcentration lines were developed for total suspended 
solids and total phosphorus removals and are shown in Figures V-1 
and V-2~ respectively. The percent removal predicted by linear 
regression and by the isoconcentration lines are compared in Table 
V-11. The comparison was based on settling depths of 3.0 and 4.5 
feet and a settling time of 60 minutes. Table V-11 shows that 
the percent .removals associated with the isoconcentration lines 
and the regression equations are similar in magnitude. 
Trophic Status of Lake Eola 
The effect ·that sedimentation may have on the productivity 
of Lake Eola can be assessed by utilizing lake trophic state 
models. As noted in Chapter II, Lake Eola has been classified 
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as eutrophic according to the models of Vollenweider, Dillon 
and Larsen-Mercier. 
Vollenweider expressed the trophic status of a lake as a func-
tion of the areal phosphorus loading rate, the mean depth of the 
lake and the flushing rate (Wanielista, 1978). The Vollenweider 
model is shown in Figure V-3. The vertical axis represents the 
annual phosphorus loading to a lake in grams per square meter of 
1 a ke surface a rea. The hori zan ta 1 axis represents the ratio of 
the mean lake de.pth Cz) in meters and the hydraulic residence time 
(Tw) in years. Lake Eel a has a mean depth of 3. 5 meters and a 
hydraulic residence time of 0.64 years (Marshall, 1980). Mar-
shall (1980) reported a phosphorus loading to the lake of 1.28 
g/m2;yr. However, based on the average TP concentration listed 
in Table IV-1 of 1.0 mg/1, an annual runoff contribution of 1.4 
x 108 gallons and a lake area of 27 acres, the phosphorus loading 
is computed to be 4.85 g/m2/yr. For comparison purposes, both 
loadings are plotted in Figure V- 3 along with corresponding 
1 oadings for treated storrnwater runoff. It was assumed that the 
treated runoff was settled quiescently for 60 minutes in an ideal 
4. 5 foot sedimentation basin. From Table V-9, a ·removal efficiency 
of 22.4 percent is listed for these conditions. Furthermore, an 
average TP removal of 24.4 percent was experienced for similar 
conditions during the · column studies (see Table IV-9). Based on 
this information, a TP reduction of 22.4 percent was assumed for 
the settled runoff. Therefore, the phosphorus loading that was 
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Fig. V- 3. Trop~ic state comparison for Lake Eola using 
tne Vollenweider model. 
.. 
SOURCES: Vollenweider, R.A. '•Moglichkeiten and Grenzen 
Elementarischen Madelle der Stoffbi l anz von Seen :• n. 10, cited 
by Martin P. Wanielista, Stornwater Nanagement: Quantity and 
Quality, p. 344. Ann Arbor: Ann Arbor Science Publishers, Inc. , 
1978. 
Marshall, Frank E. "Phosphorus Dynamics of Lake 
Eola Sediments.n Master•s Thesis, University of Central Florida, 
1980. 
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reported by Marshall (1980) was reduced to 0.99 g;m2;yr and the 
column study loading was reduced to 3.76 g;m2;yr. However, as 
seen in Figure V--3, eutrophic conditions are associated with Lake 
Eola for both untreated and treated runoff. Thus, it is apparent 
that plain sedimentation or detention will not improve the trophic 
state of Lake Eola according to the Vollenweider model, 
The Dillon model is quite similar to Vollenweider•s model, 
however, Di 11 on addressed the capacity of 1 ake sediments to retain 
nutrients. Dillon introduced the nutrient retention coefficient, 
(R), that is defined as the rati-o of the phosphorus mass entering 
a lake to the phosphorus mass leaving. The phosphorus loading 
parameter for the Dillon model is L(l-R)/p, and it appears as the 
vertical axis of the model in Figure V-4. The value of L is sim-
ply the Vollenweider phosphorus loading in g/m2/yr and p is the 
flushing per year which is merely the inverse of the hydraulic 
retention time. For Lake Eola R is given as 0.65 and pas 1.56/ 
yr (Marsha 11 , 1980) . Marsha 11 ( 1980) reported a Di 11 on phosphorus 
loading of 0.29 g/m2; whereas the calculated value for the column 
study data is 1.09 g/m2. Following the same treatment assumptions 
that were considered for the Vollenweider model, the foregoing 
loadings were reduced 22.4 percent to 0.23 g/m2 and 0.85 g/m2, 
respectively. As shown in Figure V- 4, treatment by sett1 i ng was 
ineffective at improving the trophic state of Lake Eola. 
The Larsen-Mercier trophic state model is shown in Figure V-
5. This particular model also considers nutrient retention by 
1.0 
0.1 
101 
0 COWMN STUDY, UNTREATED 
e COWMN STUDY, TREATED 
0 MARSHALL (1980), UNTREATED 
• MARSHAlL(I980), TREATED 
0 
• EUTROPHIC 
{)LIGOTROPHIC 
l, MEAN DEPTH (METERS) 
Fig. V-4. Trophic state comparison for Lake Eola using 
the Dillon Model. 
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of Autrophy of Lakes,n n .. 11, cited by Martin P. Wanielista, 
Stornwater Management: Quantity and Quality, p. 346. Ann Arbor: 
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the lake system. As shown in Figure V-5, trophic state is des-
cribed by the mean incoming total phosphorus concentration in 
micrograms per liter (~g/1) and the retention coefficient, (Rexp)· 
Values for these parameters have been reported as 250,0 119/l and 
0.66, respectively .(Marshall, 1980). The average TP concentration 
of 1.0 mg/1 for the column study runoff samples directly indicates 
a total phosphorus concentration of 1000 ~g/1. These values are 
plotted in Figure V-5 along with concentrations that reflect treat-
ment by sedimentation. However, as illustrated in Figure V-5, 
the 22.4 percent reduction in total phosphorus concentration due 
to settling is not adequate for improving the trophic state of 
Lake Eola. 
For Lake Eola to be classified as mesotrophic by Vollenwei-
der's model, the phosphorus loadings according to Marshall (1980) 
_ and the column study would require reductions of 67 and 92 per-
cent, respectively. A similar lake classification by the Dill,on 
model would be possible if the total phosphorus loading reported 
by Marshall (1980) was diminished by approximately 69 percent. 
The column study loading would require~ 92 percent reduction. 
Mesotrophic status for Lake Eola occurs, according to the Larsen-
'Mercier model, when the total phosphorus concentrations of Mar-
shall (1980) and the column study are reduced by nearly 77 and 
94 percent, respectively. Thus, it is readily apparent from the 
column study results and the regression analysis, that plain sed-
imentation will not achieve the degree of removal necessary to 
significantly improve the trophic status of Lake Eola. 
CHAPTER VI 
CONCLUSIONS 
The removal data that were presented in Chapter IV, and 
the data analysis of Chapter V provide a formidable basis for the 
evaluatton of sedimentation/detention as a treatment alternative 
for urban stormwater runoff. Throughout the column studi'es, many 
removal trends were identified and the following conclusions ap-
I 
pear to be appropriate. 
1. 
2 .. 
3. 
4. 
5,. 
6. 
The quality of urban stormwater runoff is extremely 
variable. Consequently, the use of column studies 
is necessary to assess the water quality effects of 
sedimentation. 
A significant fraction of the total suspended solids 
that were contained in Lake Eola stormwater were of 
a non-discrete variety. 
Sedimentation provides significant treatment of 
suspended solids in urban stormwater. Removal ef-
ficiencies that approached 50 percent were shown 
for Lake Eola runoff. 
~1oderate remova 1 s of NH 3-N, TKN, COD, and TOC wi 11 
occur as settling progresses. These parameters 
experienced enhanced removals when total suspended 
solids were high in concentration. 
Significant phosphorus removals will occur during 
the sedimentation of urban stormwater. Removal 
efficiencies for Lake Eola stormwater approached 
30 percent .. 
Plain sedimentation is an ineffective means of 
treatment for heavy metals excluding lead. 
Nearly 20 percent of the lead in Lake Eola storm-
water was removed by settling. 
104 
105 
7. Regression equations are useful for describing the 
removal behavior of pollutants as a function of time 
and settling velocity. In addition, th.ese equations 
can be used for the design of stormwater settling 
facilities. 
8. Isoconcentration lines are helpful in predicting the 
performance of a sedimentation or detention basin. 
9. The phosphorus removals that were achieved during 
the column studies were not complete enough to 
produce an improvement in trophic state for Lake 
Eola. According to the trophic state models of 
Vollenweider, Dillon and Larsen-Mercier, the eutro-
phic state of Lake Eo 1 a will persist if s tor1'11Nater 
is settled and subsequently discharged to the lake. 
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